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1607-551X/Copyright ª 2015, KaohsiuAbstract Acanthopanax trifoliatus is a well-known herb that is used for the treatment of
bruising, neuralgia, impotence, and gout in Taiwan. This herb exhibits multifunctional activ-
ities, including anticancer, anti-inflammation, and antioxidant effects. This paper investi-
gated the in vitro and in vivo anti-inflammatory effect of A. trifoliatus. High-performance
liquid chromatography analysis established the fingerprint chromatogram of the ethyl ace-
tate fraction of A. trifoliatus (EAAT). The anti-inflammatory effect of EAAT was detected us-
ing lipopolysaccharide (LPS) stimulation of the mouse macrophage cell line RAW264.7 in vitro
and LPS-induced lung injury in vivo. The effects of EAAT on LPS-induced production of in-
flammatory mediators in RAW264.7 murine macrophages and the mouse model were
measured using enzyme-linked immunosorbent assay and Western blot. EAAT attenuated
the production of LPS-induced nitric oxide (NO), tumor necrosis factor-alpha, interleukin-
1b (IL-1b), and IL-6 in vitro and in vivo. Pretreatment with EAAT markedly reduced LPS-
induced histological alterations in lung tissues. Furthermore, EAAT significantly reduced
the number of total cells and protein concentration levels in the bronchoalveolar lavage
fluid. Western blotting test results revealed that EAAT blocked protein expression ofeclare no conflicts of interests.
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500 T.-M. Chien et al.inducible NO synthase, cyclooxygenase-2, phosphorylation of Nuclear factor-kappa-B Inhibi-
tor alpha (IkB-a) protein, and mitogen-activated protein kinases in LPS-stimulated RAW264.7
cells as well as LPS-induced lung injury. This study suggests that A. trifoliatus may be a po-
tential therapeutic candidate for the treatment of inflammatory diseases.
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Inflammatory responses combat infection and tissue
injury. Features of the inflammatory process include
increased blood vessel wall permeability followed by im-
mune cell migration, which may lead to edema formation
[1]. Macrophages are activated by cytokines and bacterial
endotoxins, such as lipopolysaccharide (LPS). Macro-
phages actively participate in inflammatory responses by
releasing proinflammatory cytokines [tumor necrosis
factor-alpha (TNF-a), interleukin (IL)-1b, and IL-6] and
inflammatory factors [nitric oxide (NO)] that recruit
additional immune cells to sites of infection or tissue
injury [2,3].
LPS is a principal component of acute lung injury (ALI)
in animal models. The mechanisms of ALI are gradually
becoming clear. Intranasal LPS administration elicits a
series of pathological changes, such as damage to endo-
thelial and epithelial cell integrity, lung edema, a mass
release of inflammatory mediators and chemotactic fac-
tors, and extensive neutrophil infiltration [4]. The
mechanism underlying neutrophil migration and patho-
genesis in LPS-induced ALI is not completely understood
yet. However, previous studies have demonstrated the
participation of nuclear factor-kB (NF-kB) in ALI patho-
physiology [5].
Acanthopanax trifoliatus, also known as “three-leaved
Acanthopanax” in the Chinese community, belongs to the
family Araliaceae. The leaves and root of this plant are
commonly used in traditional Chinese medicine for their
ginseng-like activity. This herb is used as a folk medicine
for treating bruising, neuralgia, impotence, and gout in
China and Taiwan, and it exhibits a rather good curative
effect for treatment of common cold, jaundice, gastric
pain, diarrhea, and ulcer. Phytochemical studies on the
leaves of A. trifoliatus [ethyl acetate fraction of A. trifo-
liatus (EAAT)] revealed a high content of diterpenoids
(e.g., continentalic acid, triterpenoid carboxylic acids,
phenylpropanoid glycosides) and various other compounds,
such as essential oils, lipids, steroids, and alkanes [6]. Thus
far, there are only a few pharmacological studies on A.
trifoliatus reported in the literature. A. trifoliatus is re-
ported to exhibit anticancer [7], anti-inflammatory, anti-
hyperalgesic [8], antidementia [9], and antioxidant
activities [10]. This study investigated the anti-
inflammatory effects of EAAT both in vitro and in vivo.
Our findings suggest that EAAT is a good candidate for the
development of dietary supplements to prevent ALI and
inhibit inflammation.Materials and methods
Chemicals
LPS (an endotoxin from Escherichia coli, serotype 0127:B8),
dexamethasone (DEX), 3-[4,5-dimethylthiazol-2-yl]-2,5-
diphenyltetrazolium bromide (MTT), and other chemicals
were purchased from Sigma Chemical Co. (St. Louis, MO,
USA). TNF-a, IL-1b, and IL-6 were purchased from Biosource
International Inc. (Camarillo, CA, USA). Anti-iNOS, anti-
COX-2, anti-NF-kB, anti-IkB-a, anti-ERK, anti-JNK, anti-p38,
anti-p-ERK, anti-p-JNK, anti-p-p38, anti-b-actin antibodies
(Santa Cruz, CA, USA), and protein assay kits (Bio-Rad
Laboratories Ltd., Watford, Hertfordshire, UK) were ob-
tained as indicated. Polyvinylidene fluoride membrane
(PVDF) was obtained from Millipore Corporation (Millipore
Co., Bedford, MA, USA).
Plant material
Plant materials were collected from Taichung County,
Taiwan. Dr Shyh-Shyun Huang, School of Pharmacy, China
Medical University, Taichung, Taiwan, identified and
authenticated all plant specimens. A voucher specimen was
deposited in the School of Chinese Pharmaceutical Sciences
and Chinese Medicine Resources, China Medical University,
Taichung, Taiwan.
Preparation of plant material extracts
Dried samples of the aerial part of A. trifoliatus (1 kg) were
macerated in 3 L ethanol for 24 hours at room temperature.
Filtration and collection of the extracts were performed
three times. Filtrates were collected and concentrated in a
vacuum evaporator until the volume was below 10 mL, and
samples were freeze dried. A yield equivalent to 9.2% of the
original weight was obtained. A methanolic extract of A.
trifoliatus (MAT; 92 g) was dissolved and suspended in
100 mL of water in a separating funnel prior to partitioning
in sequence with n-hexane, ethyl acetate, and n-butanol.
Compositional analysis of EAAT using high-
performance liquid chromatography
Analyses were performed in a Hitachi HPLC L-5000 system
(Hitachi, Tokyo, Japan) equipped with a degasser, pumps,
and a photodiode array detector linked to a personal
computer running HPLC LaChrom. A 10-mL aliquot was
Figure 1. (A) High-performance liquid chromatography
chromatograms of nine marker substances and (B) the ethyl-
acetate fraction of Acanthopanax trifoliatus. The peaks indi-
cate the following: 1, gallic acid (6.52 minutes); 2, proto-
catechuic acid (10.33 minutes); 3, chlorogenic acid (13.26
minutes); 4, protocatechualdehyde (13.84 minutes); 5, vanillic
acid (15.38 minutes); 6, caffeic acid (15.76 minutes); 7,
syringic acid (16.44 minutes); 8, p-coumaric acid (20.22 mi-
nutes); and 9, ferulic acid (23.29 minutes).
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performance liquid chromatography (HPLC) analyses.
The analytical column (250  4.6 mm2 i.d., 5 mm) TSKgel
ODS-80Tm (Tosoh, Tokyo, Japan) was used, and the
detection wavelength was set at 400 nm. The wavelengths
of standard compounds at their respective maximum
absorbance wavelength were monitored simultaneously
using photodiode array detection. Identification was based
on retention times and online spectral data were compared
with authentic standards.
The mobile phase contained acidified water with acetic
acid (2.5%, solvent A) andmethanol (solvent B). The gradient
program began with 10% solvent B for 0 minutes, and then
linearly increased to 75% solvent B for another 40 minutes.
This linear gradient was followed by an isocratic elution for
25 minutes and reconditioning steps to return to the initial
mobile-phase condition. The flow rate was 1.0 mL/min, and
the injection volumes of standards and samples were 10 mL.
Animals
All studies were performed in accordance with the National
Institutes of Health Guide for the Care and Use of Laboratory
Animals. All tests were conducted under the guidelines of the
International Association for the Study of Pain. Six-week-old
male imprinting control region (ICR)micewere obtained from
BioLASCO Taiwan Co., Ltd. (Taipei, Taiwan). The animals
were housed in Plexiglas cages at a constant temperature of
22C  1C, relative humidity of 5%  5% with a 12-hour
darkelight cycle forat least 2weeksbeforeexperimentswere
performed. The mice were given food and water ad libitum.
Cell culture
The murine macrophage cell line RAW264.7 (BCRC No.
60001) was purchased from the Bioresource Collection and
Research Center of the Food Industry Research and Devel-
opment Institute (Hsinchu, Taiwan). Cells were cultured in
plastic dishes containing Dulbecco’s Modified Eagle’s Me-
dium (DMEM, Sigma) supplemented with 10% fetal bovine
serum (FBS, Sigma) in a CO2 incubator (5% CO2 in air) at
37C and subcultured every 3 days at a dilution of 1:5 using
0.05% trypsine0.02% EDTA in Ca2þ-, Mg2þ-free phosphate-
buffered saline (DPBS).
Cell viability
Cells (2  105) were cultured in 96-well plates containing
DMEMsupplementedwith10%FBSfor1day tonearconfluency.
Cells were cultured with EAAT in the presence of 100 ng/mL
LPS for 1 hour or 24 hours. Cells were washed two times with
DPBS and incubated with 100 mL of 0.5 mg/mLMTT for 2 hours
at 37C toassess cell viability. Themediumwas discarded, and
100 mL dimethyl sulfoxide was added for 30 minutes. Absor-
bancewas readat 570nmusingamicroplate reader (Molecular
Devices, Orleans Drive, Sunnyvale, CA, USA).
Measurement of NO/nitrite
Production of NO was assessed indirectly by measuring ni-
trite levels in cultured media, and bronchoalveolar lavagefluid (BALF) was determined with a colorimetric method
using the Griess reaction [11]. Cells were incubated with
EAAT in the presence of LPS (100 ng/mL) at 37C for 24
hours. Cells were dispensed into 96-well plates, and 100 mL
of each supernatant was mixed with the same volume of
Griess reagent (1% sulfanilamide, 0.1% naphthyl ethyl-
enediamine dihydrochloride, and 5% phosphoric acid). Cells
were incubated at room temperature for 10 minutes, and
absorbance was measured at 540 nm using a microreader
(Molecular Devices).
LPS-induced ALI in mice
LPS-induced ALI in ICR mice was achieved as described pre-
viously [12]. Fifty-four mice were randomly divided into six
groups (1 shamoperation group and 5 treatment groups). The
control group received normal saline. LPS (5 mg/kg; 50 mL/
mouse) was administered intravenously to induce lung
injury, and sterile saline was used as the control. EAAT
(125 mg/kg, 250 mg/kg, and 500 mg/kg) was ground and
suspended in distilled water containing 0.5% sodium car-
boxymethyl cellulose for administration to mice. The EAAT-
502 T.-M. Chien et al.pretreated groups received an intragastric injection of EAAT
at given doses, and each mouse was administered oral EAAT
once daily for 5 consecutive days. The positive groups
received DEX (10mg/kg) only on Day 5. Mice from the control
and positive groups received an equal volume of distilled
water instead of EAAT. The chosen drug doses were based on
our previous studies and preliminary experiments.
Mice were slightly anesthetized on Day 5, 1 hour after
the EAAT and DEX treatment. LPS (5 mg/kg) was adminis-
tered intratracheally (IT) in 50 mL sterile saline to induce
lung injury in the positive and experimental groups. Mice
from the control groups received 50 mL of a sterile saline IT
without LPS. The induction of lung injury required
approximately 2e3 minutes/mouse. Animals recovered
from the procedure quickly with only mild discomfort. Mice
were killed 6 hours after LPS challenge, and blood samples
were collected. The right lung was lavaged three times with
0.6 mL of autoclaved sterile saline to collect BALF, and
histopathological evaluation was carried out on this lung.
BALF was collected for protein concentration assays
(Bio-Rad, Hercules, CA, USA) and leukocyte infiltration
assessment. The collected BALF samples were centrifuged
at 700g for 10 minutes at 4C, and the supernatants were
frozen at 80C for subsequent protein study and cytokine
enzyme-linked immunosorbent assay (ELISA). Cell pellets
were resuspended in PBS to obtain total cell counts using a
hemocytometer. Lung tissues from mice not subjected to
BALF collection were harvested simultaneously and treated
or stored at 80C for further experiments. ProteinTable 1 Effects of the methanolic extract and fractions from
viability and nitric oxide productions of RAW264.7 macrophages.
Dose (mg/mL) Cell viability (% of control)
Control () 95.7  3.2
LPS (þ) 99.7  6.1
Methanol 62.5 103.6  4.8
125 99.4  2.9
250 99.1  5.4
500 101.6  4.2
n-Hexane 62.5 101.7  5.2
125 102.7  5.3
250 101.5  4.0
500 100.1  3.0
Ethyl acetate 62.5 100.2  3.3
125 95.7  13.4
250 95.9  8.4
500 89.9  8.7
n-Butanol 62.5 100.7  4.3
125 100.4  3.9
250 99.9  1.7
500 94.2  7.5
H2O 62.5 100.7  4.4
125 95.6  11.0
250 97.2  7.3
500 93.2  8.1
Data are presented as mean  standard deviation for three different
*p < 0.05, **p < 0.001, and ***p < 0.01 were compared with the LPS
IC50 Z half maximal inhibitory concentration; LPS Z lipopolysacchar
### Compared with sample of control group.concentrations were determined using the Bradford dye-
binding assay (Bio-Rad).
Histopathological analysis
Mice were killed 6 hours after LPS treatment, and samples
of the middle lobe of the right lung were harvested and
fixed in 4% paraformaldehyde in 0.1M PBS (pH 7.4) for 24
hours at 4C. Lung tissue was dehydrated using a graded
series of alcohol and embedded in paraffin for light
microscopic examination. Paraffin sections were stained
with hematoxylin and eosin. Pathological changes in lung
tissues were observed under a light microscope.
Measurement of BALF TNF-a, IL-1b, and IL-6 using
an ELISA
The BALF levels of TNF-a, IL-1b, and IL-6 were determined
using commercially available ELISA kits (Biosource Inter-
national Inc., Camarillo, CA, USA) according to the manu-
facturer’s instruction. TNF-a, IL-1b, and IL-6
concentrations were determined from a standard curve.
Determination of white blood cell counts using
Turk’s solution
Turk’s solution (20 mL; 1% ammonium oxalate, 2 mL of
glacial acetic acid, 100 mL of distilled water, and 2 drops ofAcanthopanax trifoliatus on lipopolysaccharide-induced cell
NO level NO inhibition (% of control) IC50 (mg/mL)
0.2  0.4 ()
39.5  1.7### ()
27.4  5.3 30.7  13.5 155.66
21.8  4.8 44.9  12.2
12.4  1.9* 68.5  4.9
2.7  0.9** 93.1  2.3
30.6  3.2 22.7  8.2 241.04
27.3  5.1 31.0  12.9
19.1  2.7* 51.7  6.7
13.2  1.7* 66.6  4.3
22.6  1.6 42.9  4.0 82.42
14.5  2.7* 63.2  6.8
7.0  2.1*** 82.2  5.3
2.2  1.5** 94.4  3.7
29.8  1.6 24.6  4.0 175.92
21.1  0.7 46.7  1.8
15.1  3.0* 61.8  7.7
2.9  0.6** 92.7  1.6
33.2  2.1 16.2  5.4 >500
31.8  1.2 19.7  3.1
30.5  3.2 22.9  8.0
22.3  4.3 43.6  10.9
experiments performed in triplicate.
-alone group.
ide; NO Z nitric oxide.
Figure 2. Inhibition of (A) iNOS, COX-2 and (B) NF-kB, and
(C) inhibition of phosphorylation of mitogen-activated protein
kinases (MAPKs) expressions by EAAT in LPS-stimulated
RAW264.7 cells. Cells were incubated for 24 hours with
100 ng/mL LPS in the absence or the presence of EAAT (0 mg/
mL, 125 mg/mL, 250 mg/mL, and 500 mg/mL). EAATwas added 1
hour before incubation with LPS. Lysed cells were then pre-
pared and subjected to Western blotting using an antibody
specific for iNOS, COX-2, IkB-a, p-ERK1/2, ERK1/2, p-p38
MAPK, p38 MAPK, p-JNK, and JNK. b-actin was used as an in-
ternal control. A representative Western blot from two sepa-
rate experiments is shown. COX-2 Z cyclooxygenase-2;
EAAT Z ethyl acetate fraction of Acanthopanax trifoliatus;
ERK Z extracellular signal-regulated kinase; iNOS Z inducible
nitric oxide synthase; JNK Z c-Jun N-terminal kinase;
LPS Z lipopolysaccharide.
Anti-inflammatory effect of Acanthopanax trifoliatus 503aqueous violet) was added to 20 mL BALF. The solution was
allowed to stand for 5 minutes, and white blood cell (WBC)
counts were read using a hemocytometer under a micro-
scope using a 10 objective lens.
Western blot analysis
RAW264.7 cells were treatedwith different concentrations of
EAAT and 100 ng/mL of LPS to measure protein expression.
Cellswere lysed using radioimmunoprecipitation assay buffer
(Sigma-Aldrich) for 20 minutes on ice. Lung tissues were
removed from individual mice and homogenized in a solution
containing 10mM 3-[(3-cholamidopropyl)dimethylammonio]-
1-propanesulfonate, 1mM phenylmethylsulfonyl fluoride
(5 mg/mL), aprotinin, 1mM pepstatin, and 10mM leupeptin.
Homogenates were centrifuged at 12,000g for 20 minutes,
and 30 mg of supernatant protein was separated on a 10%
sodium dodecyl sulfateepolyacrylamide gel and transferred
to polyvinylidene difluoride membranes. Membranes were
blocked for 2 hours at room temperature with 5% skimmed
milk in Tris-buffered salineeTween (TBST; 20mM Tris, 500mM
NaCl, pH 7.5, 0.1% Tween 20). Membranes were incubated
with mouse monoclonal antibodies anti-iNOS, anti-COX-2,
anti-COX-2, anti-IkB-a, anti-NF-kB, anti-ERK, anti-JNK, anti-
p38, anti-p-ERK, anti-p-JNK, anti-p-p38, or anti-b-actin in 5%
skimmed milk in TBST for 2 hours at room temperature.
Membranes were washed three times with TBST at room
temperature and incubated in a 1:2000 dilution of antimouse
immunoglobulin g secondary antibody conjugated to horse-
radish peroxidase (Sigma) in 2.5% skimmed milk in TBST for 1
hour at room temperature. Membranes were washed three
times and immunoreactive proteins were detected using
enhanced chemiluminescence (ECL), hyperfilm, and an ECL
reagent (Amersham International Plc., Buckinghamshire,
UK). The results of Western blot analyses were quantified by
measuring the relative intensity compared with the control
using Kodak Molecular Imaging Software (version 4.0.5;
Eastman Kodak Company, Rochester, NY, USA). The results
are represented as relative intensities.
Statistical analysis
Experimental results are presented as the
means  standard deviation of three parallel measure-
ments. Half maximal inhibitory concentration (IC50) values
were estimated using a nonlinear regression algorithm
(SigmaPlot 8.0; SPSS Inc., Chicago, IL, USA). Data from
animal experiments are expressed as means  standard
error of the mean. Statistical evaluations were performed
using one-way analysis of variance, followed by Scheffe´
multiple range tests. Statistical significance is expressed as
p < 0.05, p < 0.01, and p < 0.001.
Results
Fingerprint analysis by HPLC
An optimized HPLC-photodiode array detector technique
was used to establish the fingerprint chromatogram for the
quality control of EAAT. HPLC chromatograms revealed thepresence of nine marker components in EAAT (Figure 1A).
These phenolic components were identified as proto-
catechuic acid, chlorogenic acid, protocatechualdehyde,
vanillic acid, caffeic acid, and syringic acid by their
retention time and UV absorbance of purified standards
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Figure 3. Effects of EAAT on lipopolysaccharide (LPS)-
induced (A) TNF-a, (B) IL-1b, and (C) IL-6 in LPS-stimulated
RAW264.7 cells. Cells were incubated for 24 hours with
100 ng/mL of LPS in the absence or presence of EAAT (0 mg/mL,
125 mg/mL, 250 mg/mL, and 500 mg/mL). EAAT was added 1
504 T.-M. Chien et al.(Figure 1B). The relative amounts of the seven phenolic
compounds in EAATwere protocatechualdehyde (52.01 mg/
g) > vanillic acid (38.66 mg/g) > caffeic acid (35.28 mg/
g) > protocatechuic acid (33.89 mg/g) > chlorogenic acid
(11.12 mg/g) > syringic acid (9.11 mg/g).
Effect of EAAT on LPS-induced NO production in
macrophages
The effects of MAT and ethyl acetate fractions on
RAW264.7 cell viability were determined using an MTTassay.
Cells cultured with MAT and fractions at 62.5 mg/mL, 125 mg/
mL, 250 mg/mL, and 500 mg/mL in the presence of 100 ng/mL
LPS for 24 hours did not significantly alter cell viability (Table
1). MAT and fractions did not interfere with the reaction
between nitrite and Griess reagents (data not shown).
Unstimulated macrophages produced background levels of
nitrite after 24 hours of incubation in culture medium.
The NO inhibitory activity of MAT and fractions in a
cellular model of inflammation was determined based on
the production of NO by LPS-activated macrophages, which
was measured as nitrites in the culture medium using the
Griess reaction. Table 1 shows that EAAT reduced the NO
production of activated macrophages with an IC50 of
82.42 mg/mL. These results suggest that EAAT was a po-
tential inhibitor of the NO-related inflammation pathway
compared with other fractions.
Inhibition of LPS-induced inducible NO synthase
and cyclooxygenase-2 protein by EAAT
The effect of EAAT on inducible NO synthase (iNOS) and
cyclooxygenase-2 (COX-2) protein expression was studied
using immunoblotting to investigatewhether the inhibition of
NO production was due to decreased iNOS and COX-2 protein
levels. The results demonstrated that incubation with EAAT
(125 mg/mL, 250 mg/mL, and 500 mg/mL) in the presence of
LPS for 24 hours inhibited iNOS and COX-2 protein expression
in mouse macrophage RAW264.7 cells in a dose-dependent
manner (Figure 2A). The detection of b-actin was also per-
formed in the same blot as an internal control.
Inhibition of LPS-induced NF-kB and mitogen-
activated protein kinase proteins by EAAT
The NF-kB-targeted therapeutic agents may be effective
for the treatment of inflammatory diseases. This study
examined the effects of EAAT on the NF-kB pathway.
Figure 2B shows that EAAT suppressed LPS-induced Nuclear
factor-kappa-B Inhibitor alpha (IkB-a) degradation andhour before incubation with LPS. TNF-a, IL-1b, and IL-6 con-
centrations in the medium were determined using enzyme-
linked immunosorbent assay kit. The data were presented
as mean  standard deviation for three different experiments
performed in triplicate. *p < 0.001, control group compared
with the LPS-treated group. **p < 0.05, ***p < 0.01
and ****p < 0.001, compared with the LPS-alone group.
EAAT Z ethyl acetate fraction of Acanthopanax trifoliatus;
IL Z interleukin; TNF-a Z tumor necrosis factor-a.
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These results demonstrate that EAAT inhibits LPS-induced
NF-kB activation, which may be associated with the sup-
pression of inflammatory mediators.
The mitogen-activated protein kinase (MAPK) pathway is
a key component of NF-kB-dependent inflammatory re-
actions. We evaluated the regulatory effects of EAAT on
LPS-induced MAPK activity by profiling the expression of
phospho-MAPKs [13,14]. MAPK phosphorylation was exam-
ined using Western blot in RAW264.7 cells pretreated with
EAAT first and then with LPS. Figure 2C shows that EAAT
suppressed the LPS-induced activation of extracellular
signal-regulated kinase (ERK), c-Jun N-terminal kinase
(JNK), and p38 MAPKs in a time-dependent manner. How-
ever, the expression of nonphosphorylated ERK, JNK, and
p38 MAPKs was not affected by LPS or LPS plus EAAT.Figure 4. Effects of EAATon lung histopathological changes in LPS-
LPS stimulation. The left lungs were excised and embedded in 10
staining (magnification, 400). Images are representative of three
fraction of Acanthopanax trifoliatus; LPSZ lipopolysaccharide. (A)
(125 mg/Kg); (E) LPS þ EAAT (250 mg/Kg); (F) LPS þ EAAT (500 mg/Therefore, it can be concluded that EAAT inhibited iNOS
and COX-2 expression in LPS-induced RAW264.7 cells by
attenuation of NF-kB signaling by ERK, p38, and JNK.
Effects of EAAT on cytokine production in LPS-
stimulated RAW264.7 cells
Inhibition of the production of inflammatory cytokines and
mediators serves as a key mechanism in inflammation
control [15]. We examined the effect of EAAT on LPS-
induced upregulation of TNF-a, IL-1b, and IL-6. A very low
amount of TNF-a, IL-1b, and IL-6 protein was detected
using a specific ELISA for TNF-a, IL-1b, and IL-6 in controls
(Figure 3AeC). A significant concentration-dependent in-
hibition of TNF-a and IL-6 production was detected when
RAW264.7 macrophages were treated with differentinduced acute lung injurymice. Micewere killed at 6 hours after
% formalin and sectioned, followed by hematoxylin and eosin
experiments. DEX Z dexamethasone; EAAT Z ethyl acetate
Control; (B) LPS group; (C) LPSþ DEX (10 mg/Kg); (D) LPSþ EAAT
Kg).
A
Pr
ot
ei
n 
co
nt
en
ts
 in
 B
AL
F 
(m
g/
m
L)
0.0
0.2
0.4
0.6
0.8
1.0
**
***
***
**
###
    Control        -            DEX        125         250         500  (mg/kg)
LPS
EAAT
B
To
ta
l c
el
ls
 in
 B
AL
F 
(x
10
4 /m
L)
0
10
20
30
***
***
###
***
***
    Control       -           DEX         125         250          500  (mg/kg)
LPS
EAAT
C
W
hi
te
 b
lo
od
 c
el
ls
 in
 B
A
LF
 (x
10
4 /m
L)
0
1
2
3
4
***
***
###
***
***
    Control       -           DEX          125           250        500  (mg/kg)
LPS
EAAT
Figure 5. Effects of EAAT on (A) the total protein level, (B)
total cell, and (C) white blood cells in the BALF of LPS-induced
acute lung injury mice. Mice were given EAAT (125 mg/kg,
250 mg/kg, and 500 mg/kg) 1 hour prior to an intratracheal
instillation of LPS. The total protein concentrations in the BALF
were determined 6 hours after the LPS challenge. Total cell
506 T.-M. Chien et al.concentrations of EAAT (125 mg/mL, 250 mg/mL, and
500 mg/mL) and LPS for 24 hours.
EAAT reduces LPS-induced murine lung injury
in vivo
We investigated changes in the lungs of the different his-
tological groups to evaluate the effect of EAAT on ALI. No
evident histological alterations were found in lung speci-
mens in the normal group (Figure 4). Hematoxylin and eosin
staining revealed a large neutrophil infiltration around the
pulmonary vessel and interstitial spaces, marked alveolar
walls edema, and other damage to alveolar epithelial cells
in the LPS-induced lung injury group. These pathological
changes were improved by varying the concentrations of
EAAT (125 mg/kg, 250 mg/kg, and 500 mg/kg) and DEX
(10 mg/kg), which suggests that EAAT protected against
histological changes in an LPS-induced ALI model.
EAAT attenuates increased protein concentrations
in LPS-induced ALI mice
We further investigated protein concentrations in different
groups of ALI mice. Figure 4 shows that protein concen-
trations increased markedly in the LPS group and pre-
treatment with EAAT (500 mg/kg) and DEX (10 mg/kg)
decreased protein concentrations remarkably compared
with the LPS group (Figure 5A). These results indicate that
EAAT alleviated lung edema in LPS-induced ALI mice.
Effects of EAAT on inflammatory cell count in LPS-
induced ALI in mice
The total number of cells increased significantly after the IT
instillation of LPS for 6 hours compared with the control
group. EAAT (500 mg/kg) and DEX (10 mg/kg) also signifi-
cantly decreased the number of total cells and WBCs
compared with LPS-induced ALI mice (Figure 5B and C).
These data indicated that EAAT prevented the excessive
infiltration of neutrophils into lung tissues in LPS-induced
ALI mice.
Effect of EAAT on the production of
proinflammatory cytokines in lung tissues of LPS-
induced ALI mice
BALF was collected 6 hours after LPS administration to
evaluate the levels of NO, TNF-a, IL-1b, and IL-6. Figure 6
shows that the NO, TNF-a, IL-1b, and IL-6 levels in thecounts were obtained using a hemocytometer. Determination
of white blood cells counts using Turk’s solution. Each
value represents as mean  S.E.M. ###p < 0.001 as compared
with the control group. **p < 0.01 and ***p < 0.001 as compared
with the LPS group (one-way ANOVA followed by Scheffe’s
multiple range test). BALF Z bronchoalveolar lavage fluid;
DEX Z dexamethasone; EAAT Z ethyl acetate fraction of
Acanthopanax trifoliatus; LPS Z lipopolysaccharide.
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Figure 6. Effect of EAAT on (A) NO, (B) TNF-a, (C) IL-1b, and (D) IL-6 expressions in mice with acute lung injury. Mice were
administered EAAT (125 mg/kg, 250 mg/kg, and 500 mg/kg) by intraperitoneal injection 1 hour before challenge with LPS. BALF was
collected at 6 hours following LPS challenge to analyze the levels of inflammatory cytokines NO, TNF-a, IL-1b, and IL-6. Each value
represents as mean  S.E.M. ###p < 0.001 as compared with the control group. **p < 0.01 and ***p < 0.001 as compared with the LPS
group (one-way ANOVA followed by Scheffe’s multiple range test). BALF Z bronchoalveolar lavage fluid; DEX Z dexamethasone;
EAAT Z ethyl acetate fraction of Acanthopanax trifoliatus; IL Z interleukin; LPS Z lipopolysaccharide; NO Z nitric oxide; TNF-
a Z tumor necrosis factor-a.
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compared with the control group. EAAT (500 mg/kg) and
DEX (10 mg/kg) significantly reduced NO, TNF-a, IL-1b, and
IL-6 production compared with the LPS-induced ALI group.Effects of EAAT on LPS-induced iNOS and COX-2
protein expression in mice lung tissues with ALI
The effect of EAAT on LPS-induced iNOS and COX-2 protein
expression was investigated using Western blot to deter-
mine whether the inhibition of NO production was due to
the modulation of iNOS and COX-2 protein expression. The
results demonstrated that pretreatment with EAAT
(500 mg/kg) for 6 hours inhibited iNOS and COX-2 proteinexpression in lung tissues of LPS-induced ALI mice
(Figure 7A).
Effect of EAAT on NF-kB and IkB-a inactivation in
LPS-induced ALI mice
NF-kB is activated by a wide variety of stimuli, including
LPS, TNF-a, and IL-1b [16]. We evaluated the effect of EAAT
on NF-kB activation in lung tissues of LPS-induced ALI mice
using Western blot. Figure 7B shows that pretreatment with
EAAT significantly blocked LPS-induced IkB-a and NF-kB
degradation in lung tissues of LPS-induced ALI mice. The
mechanism of NF-kB suppression is the export of nuclear
NF-kB by the inhibitor of NF-kB (IkB-a), which rapidly sup-
presses NF-kB activation.
Figure 7. Inhibition of (A) iNOS, COX-2, (B) IkB-a, and NF-kB
by EAAT in LPS-induced acute lung injury mice. Tissue sus-
pended were then prepared and subjected to Western blotting
using an antibody specific for iNOS, COX-2, IkB-a, and NF-kB. b-
actin was used as an internal control. A representative Western
blot from two separate experiments is shown. COX-
2 Z cyclooxygenase-2; DEX Z dexamethasone; EAAT Z ethyl
acetate fraction of Acanthopanax trifoliatus; iNOSZ inducible
nitric oxide synthase; LPS Z lipopolysaccharide; NF-
kB Z nuclear factor-kappa B.
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ALI is a type of life-threatening syndrome that is charac-
terized by uncontrolled inflammatory responses and the
infiltration of numerous activated cells. However, few
effective treatments attenuate the injuries, leading to high
mortality. LPS is a protein in the outer membrane of Gram-
negative bacteria, and is an important risk factor of ALI.
The IT administration of LPS has gained wide acceptance as
a clinically relevant model of severe lung injury. EAAT ex-
hibits antioxidant and anti-inflammatory properties. This
study found that EAAT exerted potent anti-inflammatory
effects on LPS-stimulated mouse macrophages in vitro and
an LPS-induced lung injury in vivo. EAAT attenuated LPS-
induced lung damage and decreased proinflammatory
cytokine production, inflammatory cell migration into the
lung, and NF-kB and MAPK activation.
Acute lung damage may occur for direct or indirect
reasons, and may include many structural changes,
including inflammation, proliferation, and fibrosis [17]. ALIcannot be explained by an overwhelming inflammation
because blockade of inflammatory mediators does not
result in a satisfactory outcome in human clinical trials
[18,19]. LPS-induced ALI in mice has been used to study the
biological and pathophysiological pathways of the devel-
opment of ALI for a long time [20]. Therefore, the devel-
opment of ALI induced through IT LPS administration is well
suited to the study of potential preliminary preventive or
therapeutic compounds against ALI in humans.
IT LPS administration is a well-established model for the
induction of localized inflammation in vivo, and neutrophil
leukocyte-driven reactions are observed within 1 hour.
These cells are gradually replaced by monocytes and mac-
rophages [21]. LPS-induced ALI directly stimulates neutro-
phil and macrophage migration into the lungs, and LPS-
induced proinflammatory mediators, such as TNF-a, IL-1b,
and IL-6, also recruit neutrophils into the lungs [22,23]. The
reduction of neutrophils and macrophages may prevent ALI,
which implies that the occurrence of ALI is due to the
continuous damage resulting from the activation of neu-
trophils and macrophages. The total numbers of cells and
WBCs decreased after pretreatment with EAAT in LPS-
induced mice in this study, and this decrease was associ-
ated with oxidative tissue injury, which may aggravate the
inflammatory reaction.
NF-kB is a dominant transcription factor in the inflam-
matory response [24]. The degree of NF-kB activation is
increased in patients with ALI, and the nuclear trans-
location of NF-kB p65 was observed in alveolar macro-
phages from patients with ALI caused by severe infection,
in contrast to alveolar macrophages from control patients
[25]. Therefore, the translocation of NF-kB p65 is related to
cancer, immunodeficiency, autoimmunity, inflammation,
and acute immune responses [11]. The results from this
study demonstrate that EAAT pretreatment inhibits the
degradation of IkB-a and prevents the translocation of NF-
kB into the nucleus of the lung tissue.
The MAPK families (ERK, JNK, and p38) are a group of
signaling molecules that play a critical role in the regulation
of cell growth and differentiation and the control of
cellular responses to cytokines and stresses [11,24]. Each of
the three MAPK pathways participates in LPS-induced ALI
[12,26e28]. EAAT pretreatment suppressed LPS-induced
phosphorylation of ERK, JNK, and p38. However, the inhi-
bition of TNF-a, IL-1b, and IL-6 production by EAAT may
occur through pathways that converge on NF-kB activation
because they regulate cytokine production in LPS-induced
ALI. Therefore, the potent anti-inflammatory effect of
EAAT was partially dependent on the inhibition of NF-kB
signaling pathways.
In summary, our study demonstrates that EAAT pre-
vented LPS-induced ALI. EAAT pretreatment attenuated
pulmonary histological changes, lung edema, reduced in-
flammatory cell infiltration into lung tissue, and inhibited
inflammatory cytokine release in the BALF. EAAT exhibits a
potent anti-inflammatory response through the inhibition
of NF-kB activation and MAPK pathways. These data sug-
gest that EAAT protects lung tissue from LPS-induced injury
through its potential anti-inflammatory activities and
antimicrobial effect. Therefore, EAAT may be a potential
novel therapeutic agent for the prevention and treatment
of ALI.
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